Objective -To estimate the effect of screening on invasive cervical cancer registrations in England. Setting -The Health of the Nation target for cervical cancer seeks to reduce the incidence of invasive cases (ICD 180) by at least 20% between 1986 and 2000. Method -The available area-level statistics on invasive cervical cancer registrations, screening activity, and socioeconomic and behavioural characteristics for 145 district health authorities in England over the period 1985-91 were collected. A multiple regression analysis sought to explain variations in incidence rates by relating screening and socioeconomic and behavioural variables to registration rates. Results -Districts with higher unemployment levels and higher numbers of pregnancies in young women had higher registration rates for invasive cervical cancer. The cervical smear rate for women aged 35-64 in a district was positively related to registrations, whereas the relation was negative for the 20-34 age group. Conclusions -The higher registration rates for invasive cervical cancer in districts with higher cervical smear rates for women aged 35-64 may reflect historically lower screening cover. The negative relation between the cervical smear rate and invasive cervical cancer registrations in women aged 20-34 is accompanied by high registration rates for preinvasive (CIN III) cervical cancer (ICD 233.1). For the advantages of the Pap test to be fully realised, and for invasive cervical cancer registrations to fall in line with the Health of the Nation targets, a comprehensive screening programme, with a high take up rate is required. The various changes to the screening programme introduced since 1988 should help to achieve this. Public health policy should focus on educating the population about the risk factors for cervical cancer and the significance of screening.
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Objective -To estimate the effect of screening on invasive cervical cancer registrations in England. Setting -The Health of the Nation target for cervical cancer seeks to reduce the incidence of invasive cases (ICD 180) by at least 20% between 1986 and 2000. Method -The available area-level statistics on invasive cervical cancer registrations, screening activity, and socioeconomic and behavioural characteristics for 145 district health authorities in England over the period 1985-91 were collected. A multiple regression analysis sought to explain variations in incidence rates by relating screening and socioeconomic and behavioural variables to registration rates. Results -Districts with higher unemployment levels and higher numbers of pregnancies in young women had higher registration rates for invasive cervical cancer. The cervical smear rate for women aged 35-64 in a district was positively related to registrations, whereas the relation was negative for the 20-34 age group. Conclusions -The higher registration rates for invasive cervical cancer in districts with higher cervical smear rates for women aged 35-64 may reflect historically lower screening cover. The negative relation between the cervical smear rate and invasive cervical cancer registrations in women aged 20-34 is accompanied by high registration rates for preinvasive (CIN III) cervical cancer (ICD 233.1). For the advantages of the Pap test to be fully realised, and for invasive cervical cancer registrations to fall in line with the Health of the Nation targets, a comprehensive screening programme, with a high take up rate is required. The various changes to the screening programme introduced since 1988 should help to achieve this. Public health policy should focus on educating the population about the risk factors for cervical cancer and the significance of screening. Cervical cancer deaths in women up to the age of 75 account for just 2.1 % of all female life years lost in England, compared with 10% due to breast cancer and 12% resulting from coronary heart disease.' Although the mortality rate is falling,' cervical cancer still accounts for some 900 deaths per year. All other advanced industrial countries (except Denmark) have lower death rates than England and Wales. 3 Effective control and treatment strategies exist such that fatalities from cervical cancer should, in large measure, be avoidable.'
Deaths from cervical cancer result, firstly, from the natural incidence of the disease, and secondly, from the failure to detect and treat it. Primary preventive strategies seek to reduce the incidence of cervical cancer through gaining an understanding of its underlying causes. Recent medical research suggests a link with the human papillornavirus.?" Women who smoke, and who have first sexual intercourse at an early age, multiple partners, and many children have an increased risk of contracting cervical cancer." Secondary prevention aims at reducing mortality at the given incidence level by effective detection and treatment. Cervical screening, in the form ofa Papanicolaou (Pap) smear, provides the key to early detection and improved survival chances. If preinvasive cervical intraepithelial neoplasia (CIN) is identified and treated, development of invasive cervical cancer can be avoided. Five year survival rates for early stage disease are 80%, dropping to 8% once the invasive stage is reached."
Although ultimately trying to reduce mortality, the Health of the Nation target for cervical cancer seeks to reduce the incidence of invasive cases. Specifically, it aims at reducing incidence by at least 20%, from a rate of 15 per 100000 of the population in 1986 to one of 12 per 100000 by the year 2000."
A cervical screening programme has been in operation in the whole of the United Kingdom since 1964, but it has been widely criticised for failing to reduce mortality rates significantly, the blame being attributed largely to poor organisation, accountability, and commitmerit.":" To meet these criticisms, and to emulate successful programmes in other countries, '8-23 the national screening programme has recently been strengthened. In 1988, for the first time, screening was extended to all women aged 20-65, and they are to be recalled at least once every five years." 25 Although there has been much criticism of the early screening programme, there have been few studies analysing its effect. Using area-level data for 145 district health authorities over the period 1985-91, this study examines the impact of screening activity on the incidence of invasive cervical cancer. Screening data are combined with socioeconomic and behavioural variables into a multiple regression analysis to explain variations in incidence 250 even greater variation in registration rates, ranging from 5.76 in Barking, Havering, and Brentwood to 34.33 in Hull. To achieve the proposed Health of the Nation target, high regional rates must fall.
Incidence rates are generally highest in the north of the country and below average in the south. This regional distribution correlates well with that for mortality from invasive cervical cancer (table 1, column 1). (The district level correlation coefficient between age standardised mortality and registration rates for invasive cervical cancer is 0.65.) A similar north-south mortality gradient, and an urbanrural one, was recorded in 1978. 26 Registration rates for preinvasive cervical cancer (CIN III) are higher than those for invasive cervical cancer (table 1, column 3), and typically peak between 25 and 34 years of age ( fig 1) .
Registration data are not completely accurate reflections of incidence." They only include detected cases that are reported, and they reflect regional registration practices. There is some evidence of misclassification and overreporting.":" Registration data used in this study were corrected for known inaccuracies.
Four indicators of screening activity were available from the NHS Management Executive, Health Service Indicators, 1992: the percentages of women in a district aged 20-34 and 35-64 who had received a cervical smear between 1985 and March 1991, and the percentages of women in a district aged 20-34 and 35-64 accepting invitations to be screened in the 12 months up to March 1991. Part of this screening data, (particularly take up rates), refers to later years than the incidence data used in the study. This could not be avoided because registration data at the district level were not available beyond 1987. As any changes to regional screening policies following the new national guidelines in 1988 were not to take full effect until the end of 1993, it was assumed that differences in screening activity between individual districts did not vary greatly between 1987 and 1991. Evidence for the period 1964-84 suggests smear rates increased linearly and that there was a close correlation between regions." Take up rates at the district level only became available in 1991.
Regional variations in the cervical smear rate and take up rates (table 2) were even more marked at the district level. The cervical smear rate ranged from 11% in South East Kent to 140% in Hartlepool. The number of smears performed does not equate with the number of women tested. Rates in excess of 100% reflect repeat smears. There is no available information to show the extent to which the number of smears taken overstates the number of women tested. Recorded take up rates never exceeded 82% but were less than 5% in some districts and for some age groups. Smears were recorded in the district in which they were processed, which may not be the same as the region of residency. There is no way of accounting for these cross boundary flows.
Also 
Data and method
The study uses the available area-level statistics on invasive cervical cancer incidence, screening activity, and socioeconomic and behavioural characteristics for the 145 district health authorities in England, as defined in April 1993. Where data applying to earlier years were presented for 190 districts, appropriate districts were combined in accordance with the boundary changes that had occurred.
Incidence is measured by registrations, which are recorded by regional cancer registries and collated and age standardised by the Office of Population Censuses and Surveys. The data used in the study referred to the period 1985-87, during which time more than eleven thousand cases of invasive cervical cancer were registered in England. Regional variations underlie the national registration rate of 14.8 cases per 100 000 of the population (table 1, column 2). More detailed analysis at the level of 145 district health authorities shows The effect of smoking behaviour on the incidence of invasive cervical cancer in a district could be measured directly, but proxies for other risk factors were sought from the available data. Area-level indicators of socioeconomic status and behaviour are likely to be imperfect proxies for individual risk factors. But, bearing this in mind, we used the proportion of pregnancies under the age of 16 in a district to reflect early age sexual activity. The human papillomavirus, which is thought to be transmitted by sexual activity, might also be proxied by this variable. The large families variable, which reflects the proportion of households with three or more dependent children, is used as a proxy for the number of children a women has had. Other studies have found that invasive cervical cancer is associated with low social and economic status and ethnic minorities." [31] [32] [33] Measures of unemployment, home and car ownership, housing quality, and ethnicity enable these dimensions to be further investigated.
A regression analysis was undertaken, using MICROFIT. It aimed at explaining variations in incidence rates by relating screening and socioeconomic and behavioural variables to registration rates. It was important to ensure that explanatory variables included in the analysis were not correlated with one another. Examination of the correlation matrix for all variables allowed closely related variables to be identified so that they were not used simultaneously in regression equations. The correlation matrix also indicated single parameter associations between registrations and each independent variable.
Results
Several variables, including those reflecting screening activity, were found to be significantly correlated with invasive cervical cancer registrations in a district. The correlation between registrations and many socioeconomic and behavioural variables was, however, stronger than the correlation between registrations and the four screening measures. Screening variables, particularly those relating to the older age group, were themselves correlated with certain socioeconomic characteristics (table 3) . Multiple regression was used to assess the extent to which different socioeconomic, behavioural, and screening variables accounted for variations in incidence rates between districts.
The underprivileged area score and the Department of the Environment social index were excluded from subsequent analysis. Being weighted averages of a range of social and economic indicators they were both highly correlated with other independent variables, and their use would not enable the effect of individual factors to be identified. All the other variables shown in table 3 were included in the first round of the regression analysis. Four variables emerging as significant influences on registrations (at the 90% significance level and above) were retained and regressed again. Table 4 shows the estimates of their effect on district incidence rates. The final regression explained just over one half of the variation in incidence rates (R 2 : 0.54). Districts with higher unemployment levels and higher numbers of young pregnancies had higher registration rates for invasive cervical cancer. The percentage of women screened aged 35-64 was positively related to registrations, whereas the relation for the younger age group was negative. Neither female smoking rates, nor take up rates for screening were found to be significant influences on district registration rates. In a related study by the authors, female smoking rates were found to have a significant effect on mortality from invasive cervical cancer.34
Discussion
Inherent in this ecological approach is the problem that group level associations may not hold at the individual level. Furthermore, the use of 1981 socioeconomic data to explain invasive cervical cancer registration in 1985-87 is problematical given the long period over which the disease develops, and involves assumptions about medium term stability in the characteristics of district populations. The results of this area-level analysis, however, show that proxies for certain known risk factors are associated with registrations of invasive cervical cancer in health districts in England. The significance of the young age pregnancies variable in this study represents the increased risks of contracting cervical cancer associated with high levels of sexual activity without the use of barrier methods of contraception. Family size, a proxy for multiparity, was found to be positively correlated with registrations, though the large families variable was not significant in regression analyses.
The importance of the unemployment level in the analysis supports other evidence that invasive cervical cancer is most prominent in areas of social and economic disadvantage. Other indicators of socioeconomic deprivation are found to be strongly correlated with registrations, including no car ownership, public sector renting, and poor quality housing. The causal mechanism for this phenomenon is not clearly understood. Low socioeconomic status may be another indicator of sexual activity, or it may reflect less use of health care services, including screening. Recent evidence from North America shows lower use of cancer screening by the poor in both Canada, where there is universal coverage, and the United States." In the present study, the smear rate (for those aged 35-64) and both take up rates are negatively correlated with population density, ethnic minorities, private renting, and poor quality housing.
Screening activity in a district seems to have some impact on incidence rates, the smear rate regression coefficients being significant at the 90% level for both age groups. An earlier study in Oxfordshire" found that the incidence of invasive cervical cancer was lower in areas where screening was more intensive. A longitudinal study across regional health authority areas in Great Britain generally found no negative association between 'screening effort and registrations. When regions suspected of erroneous data were excluded, however, negative correlations were observed for women aged 15-24, and positive correlations for several older groups." Our regression results are consistent with this latter study. For women aged 35-64, higher cervical smear rates in a district result in higher registration rates for invasive cervical cancer. This might be expected among groups where screening is historically low, or in the early stages of a comprehensive programme, as disease is detected in women who have not previously been tested. For the younger age group, higher cervical smear rates are significantly associated (at the 90% level) with lower registration rates for invasive cervical cancer. This may be explained by the large number of registrations of preinvasive cervical cancer (CIN III) in this group (fig 1) . Screening may therefore be detecting earlier stage cancer among the 20-34 year old women, before it reaches the invasive stage. An inverse relation between in situ (preinvasive) registrations and invasive registrations has been observed in other studies, and interpreted as an indication of the advantageous effect of screening.l":" In the regression analyses, take up rates for screening were not significantly related to incidence. This may reflect the fact that the take up and incidence data related to different years, and that our assumption that take up rate differences between districts were stable between 1987 and 1991 was invalid. Low take up rates nationwide (table 2) are a criticism of the pre-1988 screening programme. Other recent studies have identified poor screening participation rates as major factors in mortality from invasive cervical cancer." 44 High risk cases are too frequently slipping through the net.
Despite the well documented problems associated with the Pap smear it is generally regarded as an effective early-warning system which, in appropriately screened populations, reduces the incidence and mortality from invasive cervical cancer." But for the advantages of the Pap test to be fully realised, and for invasive cervical cancer registrations to fall, a comprehensive screening programme with a high take up rate is required. The computerised call and recall system introduced in England in 1988 was intended to achieve this, and it has been reinforced by two further measures. In 1991, and subsequently in 1993, new contracts for general practitioners introduced graded incentives for cervical screening that are paid when 50% and 80% of the target population are covered." There is already evidence that this has resulted in a larger proportion of women receiving a Pap smear" 47 and in increasing take up rates. 2 Furthermore, a national cervical screening coordination network was established to oversee quality and procedural issues.
With a comprehensive screening programme a reduction in invasive cervical cancer registrations should occur, and the Health a/the Nation target should be achieved. In the longer run, preinvasive cervical cancer registrations should also fall, as problems at an early stage (CIN I and CIN II) can be detected by the Pap test and averted by treatment. There is, however, some debate about the management of low degrees of abnormality, and further research on this, and on other economic aspects of the screening programme are required." •• Of particular importance is the issue of screening frequency. The available evidence suggests diminishing mortality gains with increasing frequency of screening." [50] [51] [52] [53] Although the Department of Health's guidelines to regions in 1988 stipulated that women between 20 and 65 years of age should be recalled at least every five years, some 40% of districts are offering a Pap smear every three years." Although critics of mass screening programmes exist, 55 and the cost effectiveness of alternative screening frequencies remains to be firmly established," 57 public health policy should focus on educating the population about the risk factors associated with cervical cancer and the significance of screening. With screening facilities generally available, higher information levels in the population have been shown to contribute to a reduction in the natural incidence of the disease, and to more effective secondary prevention through higher take up rates." 5. Public education and involving women has not, however, been a major priority of the coordinating network in its early years.'
The technology exists to virtually eradicate mortality due to invasive cervical cancer. Many countries are closer to this ideal than England. Achieving this ultimate goal depends on the public's willingness to give priority to cervical screening, and providing people with better information about the disease.
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